A rural population in southwestern Alberta, Canada, living downwind from natural gas refineries, has expressed concerns about an excess of adverse health outcomes over the last 25 years. This has escalated to the point of causing a prominent sociopolitical controversy within the province. As part of a large field epidemiologic study undertaken during the summer of 1985 to investigate possible health effects, a residential cohort study was carried out to study cancer incidence. The cohort was defined as all those individuals who resided in the area in 1970. A total of 30,175 person-years of risk within Alberta were experienced by this cohort from 1970 to 1984. The incident cancers during this period were enumerated by computerized record linkage with the Alberta Cancer Registry. Ageand sex-standardized incidence ratios, based on expected rates from three prespecified demographically similar, nonmetropolitan Southern Alberta populations, were 1.05, 1.09, and 1.03, respectively, none of which was significandy different from unity. Although they do not address the issue of etiologic association, these data can provide considerable reassurance to a community that was convinced it had experienced an epidemic of cancer.
Introduction
Concerns about the impact of acid-forming emissions have evolved into one of the most significant North American environmental issues over the past two decades. Potential direct or indirect human health effects of these substances are the subject of considerable current interest.
In no locality has this concern been more acute than in a rural area of southwestern Alberta, Canada, situated downwind from two natural gas refineries that emit primarily sulfur compounds, including hydrogen sulfide, (H2S). Since operation of these sour gas plants began in 1957, concerns about their health effects have been repeatedly voiced by residents and have escalated to the point of causing a prominent sociopolitical controversy within the province (1) . The reported adverse health effects have included excess cancer incidence, increased numbers of adverse reproductive outcomes and birth defects, excess mortality, contamination with certain heavy metals, and a variety of symptoms such as headache, fatigue, and pruritus. With regard to cancer, a committee of concerned citizens polled the area and compiled a list of approximately 45 past and present residents who had been diagnosed with various types of cancer.
In 1983, the Alberta government together with a consortium of industrial representatives created the Acid Deposition Research Program (ADRP) to sponsor scientific investigation into the questions surrounding acid-forming emissions. As part of this program, we undertook a comprehensive field study known as the Medical Diagnostic Review (MDR) to evaluate the nature and magnitude of long-standing health effects among the residents of the index area (IA) and to determine whether adverse health effects were occurring more frequently than expected. We describe here the results of our investigation pertaining to the incidence of cancer in this area.
Materials and Methods

Objectives
The area of concern, henceforth called the index area (IA), is a rural area lying to the southeast of the town of Pincher Creek, to the east of the foothills of the Rocky Mountains, and just north of the Montana border (Fig. 1) . The area consists primarily of ranchland surrounding five small communities. The boundaries of the IA were delineated in advance by officials of the ADRP, based primarily on the plume patterns of the emissions from the refinery stacks. The IA did not correspond to any single political or geographic jurisdiction and intersected three different municipal districts. The fundamental objective of the cancer study was not to establish an etiologic association between sour gas and cancer but rather to determine empirically whether residents of the IA had experienced a higher than expected incidence of cancer. In prior meetings with concerned residents (Community Advisory Board), it became apparent that no specific cancer site was of particular concern; rather, there was the impression among concerned residents that the cancer incidence was generally elevated. For this reason, we declared in advance that the all site cancer incidence rate would be the primary variable of interest in the cancer study. However, we also planned to carry out secondary analyses involving specific cancer sites although the lower statistical power for these subanalyses and the problem of multiple comparisons were acknowledged in advance.
We defined the index area 1970 Cohort Sample (IACS) to consist of all individuals that could be identified who were resident in the IA anytime during the calendar year 1970, and we based the present investigation on the subsequent cancer experience from 1970 to 1984 of this sample. The choice of this period offered three advantages: it consisted of three 5-year periods, 1970 to 1974, 1975 to 1979, and 1980 to 1984, for which there were national census data readily available (1971, 1976, 1981) ; it terminated in the last year (1984) for which complete cancer registry information was available at the time of the study; and records of the Alberta Cancer Registry were of greater quality for this period than for the preceding years.
The major objective of the cancer component of the MDR was to determine whether the incidence of cancer (as registered by the Alberta Cancer Registry) during the period January 1, 1970, to December 31, 1984, among all individuals in the LACS was higher than that which should be expected in sociodemographically similar populations in Southern Alberta during the same period.
Cohort Enumeration
For convenience, the IACS was divided into two parts. The first subgroup, the resident group (RG), was defined to consist of all members of the IACS who were Each record was assigned a certainty code that reflected the overall quality and consistency of the information. The certainty code was 1 when exact agreement from all sources was obtained; 2 when discrepancies existed that did not affect person-years of risk; and 3 when discrepancies existed that did affect person-years of risk. In the latter situations, we adopted the a priori policy that the data which gave rise to a lower total person-years of risk would be chosen. All members of the RG were assigned codes of 1 since they were interviewed personally about their residential history.
Person-years of life within Alberta were classified by age group, sex, and 5-year time interval. The age grouping (< 20, 20-34, 35-44, 45-54, 55-64, 65-69, . 70) was that in routine use at the Alberta Cancer Registry and was specified prior to the analysis. Person-years were calculated in the conventional manner for each age group, sex, and 5-year interval. As is customary, one-half year of risk was assessed for the initial or final year of residence for those who were born or entered the area in 1970, or who died or left the area prior to 1985.
Enumeration of Observed Cancers
The definitive source for identification of a cancer in the IACS was the Alberta Cancer Registry. A computerized record linkage was performed between the computerized listings of the RG and OG, and the files of the Alberta Cancer Registry. This linkage was performed twice, the first time using surname and the second time where applicable, using maiden name. Two manual searches were then done to confirm true matches based on name, maiden name (if applicable), month and year of birth, and place of residence (if known). All self-reported cancers were linked manually and the attending physician and hospital were contacted if the report was not confirmed by the Registry.
Referent Populations
Three referent populations were chosen. Referent population 1 (RP1) consisted of all of rural Southern Alberta obtained by excluding the metropolitan areas of Calgary, Lethbridge, and Medicine Hat from a census of Southern Alberta. The two other referent populations were census division 6 (RP2) and census division 2 (RP3), with their metropolitan areas excluded. The referent populations were chosen without any knowledge of cancer incidence rates to approximate the control areas for the comparative health survey known as Didsbury-Crossfield-Carstairs-Irricana (DCCI) and Stirling-Raymond (Fig. 1) . Age group, sex, and 5-year interval-specific cancer incidence rates for the referent populations were calculated by the Alberta Cancer Registry.
Statistical Analysis
Expected cancers were derived by applying the appropriate age group, sex, and 5-year interval-specific cancer rates to the corresponding age group, sex, and 5-year interval-specific person-years of risk of the IACS. The significance of the resulting standardized incidence ratios (SIR) was tested by computing 95% confidence intervals around them using methods described by Ederer and Mantel (4) . A priori sample size calculations were based on an estimate of 2000 people in the IACS with an expected 30,000 person-years of observation. Approximately 102 incident cancers were expected (5), yielding greater than 90% power (6) to detect elevations in relative risk of 1.2 or more using a one-sided test with a confidence level of 0.05.
Results
As seen in Table 1 , there were a total of 2164 members of the IACS (1126 male and 1038 female). The age distribution of the IACS in the year 1970 is displayed in Table 1 as are the person-years of risk. Totals of 15,585 and 14,590 person-years of risk were experienced by the IACS males and females, respectively. The proportions of these person-years of risk with certainty codes of 1 in males and females were 93.7% and 90.1%, respectively. Table 2 presents the cancer incidence rates for males in the three reference populations categorized by age group and by time interval. As a summary measure, the age-standardized incidence rates, adjusted to the 1976 Alberta male population, are presented in the last three rows of Table 3 . These standardized rates indicate that incidence of cancer is remarkably similar among the three reference populations and that cancer incidence rates have risen with time in each of these three
populations. An analogous set of rates were calculated for females and are shown in Table 3 .
As seen in Table 4 
Discussion
In summary, we detected no excess in cancer incidence in the index area 1970 cohort during the observation period. The data suggest that the overall (8, 9) are far from conclusive, and animal data suggesting that SO2 may be a cancer promoting agent or a cocarcinogen (10, 11) have received considerable criticism (12) . Air quality surveys have measured levels of aromatic and polyaromatic hydrocarbons, as well as nitrous oxides associated with sour gas refining (13 (14) . Long-term exposure to nitrogen dioxide (NO2) has not been shown to cause malignancies (9) . Combustion of fossil fuels are said to release several radioactive species, including radon gas, but the small amount of information available suggests that the amount of exposure in these areas is not appreciable relative to natural background levels (15) .
Petroleum workers have been reported to be at elevated risk for various cancers involving the gastrointestinal tract, brain, skin, leukemia, and multiple myeloma, but these findings have been inconsistent (16) (17) (18) (19) . The only environmental study was an ecological study in California that compared exposure to air emissions produced by the petroleum and chemical industries with average annual cancer incidence (20) . Associations were found with a number of cancer sites including the buccal cavity and pharynx in both sexes and in stomach, lung, prostate, kidney, and ureters in men only. The pertinence of these findings is unclear, however, in the face of numerous criticisms, which include short latency periods, inadequate control of potential confounding variables, and the ecological fallacy. In particular, the consistently higher rates in men raise suspicion of occupational and lifestyle factors, rather than any environmental etiology. In summary, the biologic plausibility of the relationship between sour gas refining and carcinogenesis remains unclear.
Only the overall cancer experience of the IACS was specified in the primary hypothesis test in this study. This decision was made because of the lack of biologically plausible evidence, the lack of community concern about any one cancer site, the lack of adequate power to investigate specific sites, and the potential for the multiple comparisons problem. We did detect a nonsignificant increase in skin cancer and a nonsignificant decrease in respiratory cancer, which could be chance findings or could be related to the increased sunlight exposure and lower smoking rates in this community. With regard to the excess of prostate cancer observed, given that this was not statistically significant, given the number of sitespecific comparisons made, and given the lack of any evidence concerning a sour gas etiology, to conclude that this is anything but a chance observation would be extremely tenuous.
It is not surprising that our study provided negative results given the lack of prior evidence for an etiologic association between exposure to sour gas emissions and an elevation in the all-site cancer incidence. Nevertheless, it was critical that the investigation be carried out. While biologic plausibility is an important consideration in studies of 
